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2004-0V1513, filed March 12, 2004; 2004-22815V, filed August 
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reference herein. The International Application was 

p-u-blished in Japanese on J\ilv 14, 2005 as International 
Publication No . WO 2005/064V43 under PCT Article 21 (2 ) . 

TECHNICAL FIELD 

The present invention relates to an antenna device used 
for a mobile communication radio apparatus such as a mobile 
phone and a radio apparatus for specific low— power radio 
communication or weak radio communication and a 
communication apparatus including the antenna device. 

BACKGROUND ART 
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In genenral , a monop>ol e antenna where a wire element 
having a leng-tti of 1/4 of an antenna operating wavelength is 
disptosed on a k>ase plate is \isec3. as a line— shaped antenna. 
In ac3.c3.it ion , in 02rc3.e2r to o]otain the monopole anteima having 
a small size anc3. a low profile, an invert ec3. L — shapec3 antenna 
has t>een c3Levelopec3. ]oy folc3.ing anc3. ]oenc3.ing a mic3.c3.le portion 
of the monopole antenna - 

However, in the invertecS. L — shaped antenna, since a 
reactance section c3.efinec3. t>y a length of a horizontal 
portion of the antenna element parallel to the hase plate 
has a large capacitive val-u.e, it is ciif f ic\ilt to olotain 

matching at a feec3 line of BOCl. Therefore, in orc3.er to 
facilitate the matching hetween the anteima element anc3. the 

feeca. line having 5 011, there is proposecS. an invertecS. K — shapecS. 
antenna . The invert ec3. F — shapec3. antenna incl\ic3.es a st\at> for 
connecting the k>ase plate to a rac3.iation element in the 
vicinity of the feeci point ciisposeci at a mic3.c3.le portion of 
the antenna element . By c3.oing so , the capacitive value 
ca\aseca. from the reactance section, it is possible to easily 
ohtain matching to the feecS. line having 50i~l (see, for 
e^cample, " THij.stzjr3.tzec3. Antzejrijns. Systzem" , hy Hujimoto Kyohei , 
Octoher 1996, p. 118 — 119, Soiigou. Denshi Publishing Company) . 

In aca.ca.it ion , for eiscample , in a commxanication apparatus 
such as a mobile phone, a communication control circuit is 
ca.isposec3. in an inner portion of a case, anc3. an antenna 
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device is c3.isposec3. in an innezr poor t ion of an antenna 
ireceiving poirtion p)jrovic3.ec3. to pjrotjnaca.e from tlie case . 

Howevezr, ^recently, a molDile plione coping with mtilti — 
toanci lias toeen provicieca., so ttiat a cliairacteiris t ic for 
mialtiple f recgT-Lencies is 2recaxLi2rec3. for a fc>u.ilt — in antenna 
device useca. for the mofoile phone. As a general provicieca. one, 
there are a du-al t>an<3. motoi 1 e phone for GSM ( Gl oloal Sys tern 
for Motoile Commij.nicat ion ) using a toanca. of 90 0MHz anca. DCS 
(Digital Cellular System) using 1 . 8GHz in Europe anca. a ca.ual 
toanca. mobile phone for AMPS (Advanceca. Mobile Phone Service) 
using a toanca. of SOOMHz anca. PCS (Personal Communication 
Seirvices ) using a toanca. of 1 . 9GHz toanca.. As a built-in 
antenna ca.evice useca. for the mobile phone coping with the 
caual foancas , antennas manuf ac tureca. by moca.ifying a planar 
inverted F — shapeca. antenna or an inverteca. F — shapeca. antenna 
are wica.ely useca.. 

Conventionally, as such an antenna caevice, there is 
proposeca. an antexxna ca.evice constructed by forming a slit in 
a radiation plate on a plate of a planar inverted F— shaped 
antenna and dividing the radiation plate into first and 
second radiation plates , thereby per f oirming resonance with a 
frec^uency corresponding to a wavelength which is about 1/4 
of path lengths ( see , for e:>cample , Japanese Une:>camined 
Patent Application Publication No. lO— 93332 (Fig. 2) ) . 

In addition, there is proposed an antenna device 



- 3 - 



cons tnjLCteca. by c3.±sE>os±ng sin non— exci tsit ion eXectarodLe in tine 
vicinity of ein invert eci F — slneipeca. ctntenna. ciisposeci on a. 
condiac tozr p»la.ne a.nc3. geneira.t ing- even a.nc3. ocici moc3.es , ttieirelDy 
E>e3r forming resonance with a f irecg[u.ency corresponciing to a 
wavelength which is at»ou.t 1/4 of lengths of raciiation 
conca-uLC tors (see, for e:x:ajcnple, Japanese Une:x:amineca. Patent 
A^>plication publication No. 9-326632 (Fig. 2) ) . 

Xn acadi tion , there is proposeci an antenna cievice using 
1 ine — shapeca. first inverteci L — shap»ec3. antenna element anci 
seconc3. invert ec3. L — shaped antenna element , ther eloy performing 
resonance with two different f recguencies (see, for e:x:ample, 
Japanese Unexamined Pa.tent Applica.tion publica-t ion ISTo . 2002 — 
185238 (Fig. 2) ) . In the antenna device, a length of a 
radiation conductor needs to toe about 1/8 to 3/8 with 
respect to the resonance fre<auency. 

In addition, in an antenna device, there is the 
following Formula 1 as a relation between a size of an 
antenna element and antenna characteristics (see "New 
AxitLGTuna. Eng'±neG2r±ng-" , by Hiroyulci , September 1996, p. 108 — 
109, Sougou Denshi Publishing Company) . 

(Electrical Voliame of 
Antenna) / (Band) >c (Gain) X ( Efficiency ) = Constant Value ... 
(Formula 1) 

In Formula 1 , the constant value is a value defined 
according to a type of an antenna. 
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SUMMARY OF THE USTVENTION 
Howeveir, ±n a. convent ±ona.l ±nve3rt:ec3. F — sli.a.E>ec3. antz.enna. , 
since a length of a horizontal portion of the antenna 
element parallel to the base plate needLs to !fc>e alDou-t 1/4 of 
the antenna operating wavelength, there is a need for 
lengths of IVOmm ancL 240inm for a specific low— power racLio 
communication having a t>anc3. of 43 0MHz anci a weak raciio 
commuinication using a f recjuencv of about 3 15MHz , 
respectively. For the reason, it is <3.ifficult to apply a 
iDuilt— in antenna device to a practical radio apparatus in a 
relatively low frecguency such as a iDand of 400MHz. 

In addition, when a conventional antenna device is 
applied to a low frecjuency t>and such as 8 0 0MHz, there is a 
prolDlem in that a size of the antenna device greatly 
increases- For example, in an application to a low 
frecjuency band such as 8 0 0MHz, there is a problem in that a 
size of the antenna device greatly increases , 

In addition. Formula 1 represents that, when an antenna 
device having the same shape is miniaturized, a band of the 
antenna device is reduced, so that the radiation ef f iciency 
is reduce. Therefore, for ex:ample, since a mobile phone 
having a band of BOOMHz utilizes an FDD (Frecguency Division 
Duplex ) scheme using di f f erent f recjuency bands for 
transmission and reception in Japan, it is difficult to 
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implement a. compact t>uil t — in antenna capalDle o f covering 
transmission anci reception t>anc3.s . 

In addition, in the conventional antenna cievice, since 
two loaciing elements are ca.isposeca. in a straight 1 ine shape , 
when the antenna device is received in an antenna receiving 
portion, it protrudes into an inner portion of a case, so 
that an arrangement of a communication control circuit is 
limited. Therefore, there is a prohlem in that a space 
factor is deteriorated. 

The present invention is contrived in order to solve 
the problems, and an ohject of the present invention is to 
provide an antenna device which can t>e miniaturized even in 
a relatively low f recjuency hand such as 4 OOMHz hand . 

In addition, an ohject of the present invention is to 
pr o vi de a c ompac t an t enna devi c e having two re s onanc e 
f recjuencies . 

In addition, an ohject of the present invention is to 
provide a communication apparatus including a compact 
antenna device having two resonance f recjuencies and having a 
good space factor. 

In order to solve the aforementioned prohlems , the 
present invention employs the following constructions - 
According to an aspect of the invention, there is provided 
an antenna device having: a suhstrate; a conductor film 
which is disposed on a portion of the suhstrate; a feed 
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p>oint c3.±SE>osec3. on the subs trate ; a. loac3.±ng section ciisposeci 
on the suIds trate anc3. constnac tec3. with a line — shajjeca. 
conciu-c: toJT E>attem whicti is foxmed in a longifu.c3.inal 
c3.irection of an elementaary bociy macie of a ciielec tiric 
material; an inca.uictoir section whicla connects one enc5L of the 
con<3."u.c tor p>attem to the conciu-cive film; anci a feecL p»oint 
which f eecis a ciarrent to a connection i>oint of the one end 
of the condiic t or E>attern and the indiactor section, wherein a 
longitij.ca.inal ciirection of the loaca.ing section is arranged to 
t)e parallel to an edge s ide of the conduic tor film . 

-According to the antenna device of the £>resent 
invention, althouigh a physical length of an antenna element 
parallel to the conduictor film is shorter than X/4 of an 
antenna operating wavelength, an electrical length can toe 
1/4 of the antenna operating wavelength due to a combination 
o f the 1 o ading s ec t i on and the indue t or s ec t i on . Ther e f ore , 
in terms of the physical length, the antenna device can t>e 
miniaturi zed greatly, so that even in a relatively low 
frecjuency band such as 4 0 0MHz band, the present invention 
can be applied to a built— in antenna device for a practical 
radio apparatus . 

In addition, it is preferable that, in the antenna 
device of the present invention, a capacitor section is 
connected between the connection point and the feed section . 

According to the antenna device of the present 
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invent ion , since tine ca.E>a.cito2r section whicii connects the 
feed E>oint to the one enc3. of the con<a.ij.c tor E>a.t tern is 
E>2ro"vic3.ec3. anc3. a. caE>a.ci tance of the cap>acitor- section is set 
to SL precLeteirminecL valvie , it is x5ossit>le to easily match an. 
iitvpeciance of the antenna <ievice at the feed p>oint . 

In addition, it is ptref erable that, in the antenna 
device of the present invention , the loading section 
inclu-des a concentrated constant element - 

Ac c or ding t o the ant enna de vi c e of the pr es en t 
invention , the electrical length is ad j lasted by the 
concentrated constant element formed the loading section. 
Therefore, it is ■£>oss±lc>l-& to easily set a resonance 
f recgxiency without changing a length of the condtic tor E>at tern 
of the loading section. In addition, it is E>ossifc>le to 
match an imjjedance of the antenna device at the feed point . 

In add i t i on , it is prefe r afc> 1 e t ha t , in the ant enna 
device of the present invention, a line— shaped meander 
pattern is connected to the other end of the conductor 
pattern . 

According to the antenna device of the present 
invention , since the line— shaped meander pattern is 
connected to the conductor pattern, it is possible to obtain 
an antenna section having a wide band or a high gain. 

In addition , it is preferable that , in the antenna 
device of the present invention, the capacitor section 
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indu.c3.es sl capac ± t ojt section whictL is cons tru-c ted wi tti ai 
pair of p>lana.2r electrocies formeca. on the elementairy toody to 
face eactL otlieor. 

Accoirc3.ing to the antenna cievice of the present 
invention, since a paiir of planazr electrodes facing each 
other are f onrmeca. in the elementary toody , the loading section 
and the capacitor section can ]oe fozrmed in a iDody . 
Therefore, it is possible to reduce the n\iirLfc>er of parts of 
the antenna device - 

In addition, it is preferable that, in the antenna 
device of the present invention, one of a pair of the planar 
electrodes is disposed on a surface of the elementaary body 
and can t>e trimmed - 

According to the antenna device of the present 
invention, since one of planar electrode formed on a surface 
of the elementary body among a pair of the planar electrodes 
constituting the capacitor section is trimmed by, for 
escaxaple, laser beam, it is possible to adjust the 
capacitance of the capacitor section. Therefore, it is 
possible to easily match an impedance of the antenna device 
at the feed point . 

In addition, it is preferable that, in the antenna 
device of the present invention, a mult iple— resonance 
capacitor section is ecguivalent ly serially connected between 
two different points of the conductor pattern. 
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Acco2rc3.±ng to the antenna device of the pares en t 
invention, a resonance cizrciait is foirmeci with the conc3.i_LC tor 
pattern between the two points anc3. the imaltiple — resonance 
capacitor section serially connect eci thereto . Therefore , it 
is possible to obtain a compact antenna cievice having 
imaltiple resonance f reQiaencies . 

In ac3.ca.it ion, it is preferable that, in the antenna 
device of the present invention, the condiactor pattern is 
woianci aroianci the elementary body in a longi tudinal direction 
thereof in a helical shape. 

According to the antenna device of the present 
invention, since the condiactor pattern is formed in a 
helical shape , it is possible to increase a length of the 
condiactor pattern, so that it is possible to increase a gain 
of the axLtenna device. 

In addition, it is preferable that, in the antenna 
device of the present invention, the condiactor pattern is 
formed on a surface of the elementary body in a meander 
shape . 

According to the antenna device of the present 
invention , since the conductor pattern is formed in a 
meander shape, it is possible to increase a length of the 
condiactor pattern, so that it is possible to increase a gain 
o f the antenna device . In addition , since the conductor 
pattern is formed on a surface of the elementary body, it is 
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possible to eas± ly f oxrn the conca.\ac tor pattern . 

In orcier to solve the a.f orement±one<3. problems, the 
present invention employs the following cons tru-Ct ions . 
Accor<a.ing to another aspect of the invention , there is 
provic3.ec3. an antenna cievice comprising: a sialDS trat e ; , a 
conciiactor film which is foarmeci to e^ctenci in one c3.i recti on on 
a surface of the sialDstrate; first ancS. seconci loaciing 
sections which are ciisposeca. to fc>e separateci from the 
conc3.Tactor film on the substrate anc3. constiruic teci toy fo2rming a 
1 ine — shapeci con<a.ij.ctor patteim on an elementary iDocSy mac3.e of 
a dLielectric material, a magnetic material, or a comple>c 
material having ciielectric and magnetic properties ; an 
inciuctor section which is connecteci between one enc3. of the 
conciu-Ctor pattern anci the concS-iactor film; anci a f eeci section 
which feeds a current to a connection point of the one enci 
of the conductor pattern and the inductor section, wherein a 
first resonance frecguency is set toy the first loading 
section, the inductor section, and the feed section, and a 
second resonance f re<3uency is set toy the second loading 
section, the inductor section, and the feed section. 

According to the antenna device of the present 
invention, the first antenna section having the first 
resonance f recguency i s cons true ted wi th the firs t 1 oading 
section, the inductor section, and the feed section, and the 
second antenna section having the second resonance f recguency 
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±s cons tzTULC tec3. with the seconci loac3.±ng- seso t ±on , the indue tor 
section , and. the feed section . In the first and second 
antenna sections, althoiagh a t5h:ysical length of an antenna 
element is shorter than 1/4 of an antenna operating 
wavelength, it is satisfied that an electrical length 
fc>ecomes 1/4 of the antenna operating wavelength due to a 
comfc>ination of the loading section and the inductor section. 
Therefore, in case of an antenna device having two resonance 
f recjuencies , the antenna device can toe miniaturized greatly' - 

In addition, electrical lengths of the first and second 
antenna sections are adjusted fc>y adjusting the inductance of 
the inductor section. Therefore, it is possible to easily 
set the first and second resonance f recjuencies - 

In addition, it is preferable that, in the antenna 
devi ce of the pr es en t invent i on , any one or loo th o f the 
first and second loading sections includes a concentrated 
constant element. 

According to the antenna device of the present 
invention, since the electrical length is adjusted toy the 
concentrated constant element provided to the loading 
section, it is possitole to easily set a resonance frecjuency 
without changing a length of the conductor pattern of the 
loading section. 

In addition , it is pref eratole that , in the antenna 
device of the present invention, a line— shaped meander 
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P> a. tt earn is connected to the other enc3. of the conciiac toir 
pattem . 

Acco3rca.±ng to the a-ntenna. cievice of the piresent 
invent ±on , since the line — shaped meandeir pattern is 
connec teci to the conciuLC toir pattern, it is possihle to ohtain 
an antenna section having a wicie t>anc3. or a high gain. 

In adclit ion , it is preferable that , in the antenna 
device of the present invention, an e:x:tension ineirLfc>er is 
connect eel to the other end of the condtictor pattern . 

According to the antenna device of the present 
invention, since the e>ctension meirLfc>er is disposed, it is 
pos s it>l e t o ot)t a in an ant enna s ec t i on having a wi der t>and 
and a higher gain . 

In addition, it is preferahle that, in the antenna 
de vi ce of the pre s ent invent i on , an e>ct ens i on member i s 
connected to a front end of the meander pattern . 

According to the antenna device of the present 
invention , it is possible to obtain an antenna device having 
a wider band and a higher gain than the antenna section 
similar to the aforementioned antenna device. 

In addition, it is preferable that, in the antenna 
device of the present invention, an impedance adjusting 
section is connected between the connection point and the 
feed section. 

According to the antenna device of the present 
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±nvent±on, ±t ±s possilDle to easily adjuLst xmpedanoe at ttie 
feec3. section tjy lasing ttie impedance ac3.ju.sting section. 

In ac3.c3.it ion , it is p>3ref eraible that , in the antenna 
c3.evice of the i?resent invention, the conc3.\act03r pattern is 
wo"Linc3. a2rou.nc3. the elementaory iDociy in a longritu.c3.inal c3ijrection 
ther^eof in a helical shape . 

Accoz:c3ing to the antenna c3evice of the present 
invention, since the conciuctor pattern is formeci in a 
helical shape , it is poss it)le to increase a length of the 
conciuctor pattern, so that it is possible to increase a gain 
of the antenna cievice . 

In ac3c3i t ion , it is pr ef eralDle that , in the antenna 
c3evice of the present invention, the conc3ij.ctor pattern is 
f 02rxnec3. on a surface of the elementary t)Oc3.y in a meanc3.er 
shape . 

Accorc3ing to the antenna cievice of the present 
invention, since the conciuctor pattern is foirmeci in a 
meanc3er shape , it is possilDle to increase a length of the 
conciuctor pattern, so that it is possilDle to increase a gain 
o f the antenna c3evi ce . In ac3c3i t i on , s inc e the conciiac t or 
pattern is forme<3. on a surface of the elementary iDociy, it is 
possible to easily form the conciuctor pattern. 

In orc3er to solve the af orementionec3 problems , the 
present invention employs the following constructions . 
Accorciing to still another aspect of the invention, there is 
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E>3rov±c3.ec3. sl coinin\an±ca.t ion a-ppa-nra. tias having : a case ; and a 
coirimianica-t ion control cinrciait which is c3.is^>osec3. in an inner 
E>02rtion of the case ; anci sltl antenna c3.evice which is 
connecteca. to the comm.unica.tion control circuit, wherein the 
case inclu.ca.es a case iDOciy anci an antenna receiving E>ortion 
which is ca.isp>oseca. to e5cten<3. from one side wall of the case 
DDody outward, wherein the antenna device includes : a 
substantially L— shaE>ed sulDstrate which has a first sut>strate 
E>ort ion extending in one direction and a second substrate 
p>or t ion curved from the first substrate portion and 
e^ctending toward a lateral direction of the first substrate 
portion ; a ground connection portion which is disposed on 
the substrate and connected to a ground of the communication 
control circuit; a first loading section which is disposed 
on the first substrate portion and constructed by f orming a 
line— shaped conductor pattern on an elementary body made of 
a dielectric material, a magnetic material, or a comple>c 
material having dielectric and magnetic properties ; a second 
loading section which is disposed on the second substrate 
portion and constructed by fojrming a line — shaped conductor 
pattern on an elementary body made of a dielectric material, 
a magnetic material, or a comple:>c material having dielectric 
and magnetic properties; an inductor section which connects 
ends of the first and second loading sections to the ground 
connection portion; and a feed section which is connected to 
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the coinmuinicat ion contarol ciarcux t and feeds a cuarirent to a 
connection point of the encis of the first anci seconci loaciing 
section and the inductoir section, and wheirein cLXxy^ one of the 
first sulDStrate portion provided with the first loading 
section and the second siilDstrate portion provided with the 
second loading section are disposed in the antenna receiving 
portion , and the other is disposed along an inner surface of 
the one side wall. 

According to the present invention, the first antenna 
section having the first resonance frec^uency is constructed 
with the first loading section, the inductor section, and 
the f e ed s ec t i on , and the s ec ond ant enna s ec t i on ha vi ng the 
second resonance frecguency is constructed with the second 
loading section, the inductor section, and the feed section. 
Here, although a physical length of an antenna element is 
shorter than 1/4 of an antenna operating wavelength, it is 
satisfied that an electrical length iDecomes 1/4 of the 
antenna operat ing wavelength due to a combinat ion of the 
loading section and the inductor section. Therefore, the 
antenna device can toe miniaturized greatlv- 

In addition , s ince the one of two loading sect ions is 
received in an antenna receiving portion and the other is 
disposed along an inner surface side of one side wall of a 
case iDody , a space factor becomes better without 1 imi tat ion 
to an arrangement position of a communication control 



- 16 - 



In a-c3.c3.it i on , since the loaciing section ca.isp>ose<a. in the 
inneor poortion of the antenna, oreceiving- poartion is ciisjDOseci 
to p)3rot2ru.ca.e t owairci tine oiatsicie of the case , it is poss it>le 
to iitrparove t2ra.nsmission and 2receE>tion chairac teorist ics of the 
antenna section having the loading section . 

In aca.ca.it ion , it is piref eiratDle that , in the 
comm\inicat ion aE>E>a3rat\is of the i^resent invention, the 
antenna ca.evice incliacies a concentirateca. constant element 
t^rovicleca. to any one or t>oth of the first anci seconc5L loaca.ing 
sections . 

Ac c o irding to the I5 res en t invent i on , du-e to the 
concentirateca. constant element f ormeci to the loaciing- section , 
is E)ossit>le to easily set a resonance frecju-ency lo-y ad j ijist ing 
the electrical 1 eng th wi thou. t changing a 1 eng th o f the 
conductor t>attern of the loading section. In addition, it 
is iDOSsilDle to match an impedance of the antenna device at 
the feed point . 

In addition, it is E>referat)le that, in the 
communication apparatus of the present invention, the 
antenna device includes an impedance adjusting section which 
is connected k>etween the connection point and the feed 
section . 

According to the present invention, it is possible to 
match an impedance at the feed point Icry using the impedance 
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aca.jTast±ng section. Therefore, it is possilole to efficiently 
E>eirf oirm s ignal tiransmission without providing a separate 
matching circuit for matching impedances l^etween the antenna 
device and the communication control circuit . 

In addition, it is preferalole that, in the 
communication apparatus of the present invention, the 
conductor pattern is wound around the elementary t>ody in a 
longitudinal direction thereof in a hel ical shape . 

According to the present invention, since the conductor 
pattern is formed in a hel ical shape , it is poss ilDle to 
increase a length of the conductor pattern, so that it is 
possi^Dle to increase a gain of the antenna device. 

In addi t i on , it is pr ef er at>l e that , in the 
communication apparatus of the present invention, the 
conductor pattern is formed on a surface of the elementairy 
iDody in a meander shape . 

According to the present invention, since the conductor 
pattern is formed in a meander shape, it is possik>le to 
increase a length of the conductor pattern, so that it is 
possible to increase a gain of the antenna device similar to 
the af or emen t i oned invent i on . In addi t ion , s ince the 
conductor pattern is formed on a surface of the elementary 
t>ody, it is possit>le to easily form the conductor pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig . 1 is SL p>lan view showing an antenna, device 
accorciing to a fiirst enLbociiment of the p>jresent invention. 

Fig. 2 is a perspective view showing the antenna cievice 
accorcaing to the first emfc>oc3.iment of the present invention. 

Fig. 3 is a graph showing a frecgru-encv characteristic of 
the antenna cievice accorcS-ing to the first embodiment of the 
present invention . 

Fig. 4 is a graph showing a raciiation pattern of the 
antenna cievice according to the first embodiment of the 
present invention . 

Fig. 5 is a perspective view showing an antenna device 
according to a second embodiment of the present invention . 

Fig. 6 is a perspective view showing an antenna device 
according to a third embodiment of the present invention . 

Fig. V is a per spec t i ve vi ew showing an antenna devic e 
according to a fou-rth embodiment of the present invention. 

Fig. 8 is a perspective view showing an e:x:ampXe of the 
antenna device according to the fourth embodiment of the 
present invention. 

Fig. 9 is a perspective view showing an e:x:ample of an 
antenna device according to a fifth embodiment of the 
present invention. 

Fig . 1 O is a perspective view showing an antenna device 
according to a si:>cth embodiment of the present invention. 

Fig. 11 is an equivalent circuit view showing the 
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antenna device accoirc3.±ng to the s±^t]n eitLbociiment of the 
E>2res ent invention . 

Fig-. 12 is a. giraE>h showing a VSWR f zrecaiaency 
charac teris t ic of the antenna <3.evice acco3rc3.ing to the sixth 
exabociiment of the present invention . 

Fig. 13 is a E>e2rsE>ec: t ive view showing an antenna cievice 
t o whi ch the pres en t invention i s appl i e<3. zra their than the 
si>cth eint>oc3.iment of the present invention. 

Fig . 14 is a p>e2rsp>ec t i ve view showing an antenna device 
accorcaing to a seventh embociiment of the present invention . 

Fig. 15 is an ecjuivalent circuit view showing the 
antenna cievice accorciing to the seventh emt>oc3.iment of the 
present invention . 

Fig. 16 is a graph showing a VSWR frecaiaency 
characteristic of the antenna device according to the 
seventh embodiment of the present invention . 

Fig. IV is a perspective view showing an antenna device 
according to an eighth embodiment of the present invention. 

Fig. 18 is an ec^iaivalent circuit view showing the 
antenna device according to the eighth embodiment of the 
present invention. 

Fig. 19 is a graph showing a VSWR. frequency 
characteristic of the antenna device according to the eighth 
embodiment of the present invention . 

Fig. 2 0 shows a mobile phone according to a ninth 
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emfc>oc3.±ment of the E>resent invention , ( a ) is a perspective 
view thereof, an<5 (t)> is a. perspective view showing an 
antenna c3.evice . 

Fig . 21 is a schematic ciiagaram showing the antenna 
c3.evice accorciing to the ninth embociiinent of the present 
invention . 

Fig . 22 (a) is a perspective view showing a first 
loading cievice in Fig. 20, andL Fig. 22 (Id) is a perspective 
view showing a second loading device. 

Fig . 2 3 is a schematic diagram showing the antenna 
device in Fig. 20. 

Fig. 2 4 is a graph showing a VSWR characteristic of the 
antenna in Fig. 20 . 

Fig. 2 5 is a schematic plan view showing an e:?cternal 
antenna to which the present invention is applied rather 
than the ninth embodiment o f the present invent ion . 

Fig. 2 6 is a schematic view showing an antenna device 
according to a tenth emlDodiment of the present invention . 

Fig. 2*7 is a schematic view showing the antenna device 
in Fig . 2 6. 

Fig. 2 8 is a perspective view showing an antenna device 
according to an eleventh eirlbodiment of the present invention. 

Fig. 29 is a schematic view showing the antenna device 
in Fig . 28 . 

Fig. 3 0 is a graph showing a VSWR frecju-ency 
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clxa-irac: tearis tic of the antenna. ±n Fig. 28. 

Fig. 31 is SL g2rap>]n showing a directionality of the 
antenna in Fig. 28. 

Fig . 32 is a perspective view showing an oiater 
appearance of a molDile phone according to a twelfth 
exabociiment of the present invention. 

Fig . 3 3 is a cross sectional view showing a portion of 
a first case in Fig. 32. 

Fig. 3 4 is a plan view showing an antenna device in Fig. 

33 . 

Fig. 3 5 shows loading devices in Fig. 34, (a) is a 
perspective view of a firs t loading device , and ( t) ) is a 
perspective view of a second loading device. 

Fig. 3 6 is a schematic view showing the antenna device 
in Fig . 3 4. 

Fig. 3 V shows a loading section according to a first 
e>cajnple of the present invention, (a) is a plan view thereof, 
and (t)) is a front view thereof. 

Fig. 3 8 shows a loading section according to a second 
e>cainple of the present invention, (a) is a plan view thereof, 
and (t)) is a front view thereof. 

Fig. 3 9 is a graph showing a VSTATR freQULency 
characteristic of the antenna device according to the first 
escsDcnple of the present invention . 

Fig. 4 0 is a graph showing a VSWR freqiaency 
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dnaract eristic of the antenna device according to the second 
e^cajTvple of the e> resent invention. 

Fig. 41 shows a VSWR frecgxiency characteristic of an 
antenna device according to the present invention, (a) is a 
graph for an antenna device according to a third e^caxnple, 
and (t>) is graph for an antenna according to a comparative 
e>cainple . 

Kig . 42 shows a radiation pattern of a vertical 
deviating wave of an antenna device according to the present 
invent ion , ( a ) i s a graph for an antenna device according to 
the third e:x:ainple, and (t>) is graph for an antenna according 
to an comparative example - 

Fig . 43 is a graph showing a relation between a 
frec[u.ency and a VSWR of a mot>ile phone according to a foiarth 
e>c:ample of the present invention . 

Fig. 44 is a graph showing a directionality of the 
mot)ile phone according to the fourth e:>cample of the present 
invention . 

Fig. 45 is a plan view showing an antenna device 
according to other emloodiment of the present invention. 

DETAILED DESCRI PTIOIST OF THE inSTVElSTTI OJST 
Hereinafter, an antenna device according to a first 
embodiment of the present invention will be described with 
reference to Figs . 1 and 2 . 
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The antenna c3.ev±ce 1 accorciing to the eirLt>oc3.±inent ±s an 
antenna c3.ev±ce useci for a inot>± 1 e comimanicat ion radio 
aj^t^aaratias suich as a mo]oile phone anci a iradio ap>p>airatias for 
speci f ic low— power radio comimjinication or weak radio 
coinimjinication . 

As shown in Figs . 1 and 2 , the antenna device 1 
includes a substrate 2 which is made of an insulating 
material such as a resin, an earth section 3 which is a 
rectangular conductor film disposed on a surface of the 
suk)s trate 2 , a loading section 4 which is disposed on one- 
side surface of the sut>strate 2, an inductor section 5, a 
capacitor section 6, and a feed point F which is disposed at 
an outer portion of the antenna device 1 to t>e connected to 
a radio frecjuency circuit (not shown) . In addition, the 
antenna operating frecgTJiency is adjusted iDy the loading 
section 4 and the inductor section 5 , so that waves are 
arranged to toe radiated with a central frectuency of 43 O MHz. 

The loading section 4 is constructed toy forming a 
conductor pattern 12 in a helical shape in a longitudinal 
direction on a surface of a rectangular parallelepiped 
elementary toody 11 made of a dielectric material such as 
alumina . 

Both ends of the conductor pattern 12 are electrically 
connected to connection electrodes 14A an 14B disposed on a 
rear surface of the elementary toody 11 , respectively, so as 
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to toe electirically connecteci to 2recta.ngu.la.2r setting 
con<a.Tact02rs 13A anci 13 B c3.iSE»osec3. on tine su.2rface of the 
ST-ibs tzrate 2. In addition, one end of the condnctozr E>attearn 
12 is electzrically connected th2roTjLgln the setting condiactozr 
13B to the inductor section 5 and the caE>acit02r section 6, 
and the otheir end theireof is fozrmed as an op>en end. 

The loading section 4 is disposed to Toe separated from 
an edge side 3 A of the earth section 3 k>y a distance Ll of, 
for escample, lOitim, and a length L2 of the loading section 4 
in the longi tu.dina.1 direction is a.rra.nged to 16iiim, for 
e^cample . 

In addition , s ince a phys ical length of the loading 
section 4 is shorter than 1/4 of an antenna operating 
wavelength, a self resonance freQTj.ency of the loading 
section 4 is higher than the antenna operating frecxuency of 
430MHz. Therefore, in terms of the antenna operating 
f recguLency , the antenna device 1 is not considered to perform 
self resonance, so that a property thereof is different from 
that of a helical antenna which per f 02rms the self resonance 
with the antenna operating f rec^iaencv . 

The inductor section 5 includes a chip inductor 2 1 and 
is constructed to k>e connected to the setting conductor 13B 
through an 1»— shaped pattern 2 2 which is a line — shaped 
conductive pa.ttern disposed on the surface of the sut>strate 
2 and to the earth section 3 through the earth section 
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connection pattern 23 which is a. line — shaped conciuictive 
patte^rn ciisposeca on the suirf ace of the subs tirate 2 . 

An inc3.i-ic tance of the chip inc3.i_ic toir 21 is adjusted so 
that a resonance frequency due to the loading section 4 and 
the inductor section 5 becomes 43 0MHz, that is, the antenna 
operating f rec^uency of the antenna device 1 . 

In addition, the L— shaped pattern 22 is formed to have 
an edge side 22A parallel to the earth section 3 and a 
length LB of 2 .5mm. Therefore, a physical length 1^4 of an 
antenna element parallel to the edge s ide 3 A of the earth 
section 3 becomes 18.5mm. 

The capacitor section 6 includes a chip capacitor 31 
and is constructed to t>e connected to the setting conductor 
13B through a setting conductor connection pattern 3 2 which 
is a line— shaped conductive pattern disposed on the surface 
of the subs trate 2 and to the feed point F through the feed 
point connection pattern 3 3 which is a line— shaped 
conductive pattern disposed on the surface of the substrate 
2 . 

A capacitance of the chip capacitor 31 is adjusted so 
as to be matched with the impedance at the feed point P. 

A f recauency characteristic of a VSVSTR (Voltage Standing 
Wave Ratio) of the antenna device 1 at a freQuency of from 
400 to 450MHZ and a radiation pattern of horizontal and 
vertical polarization waves are shown in Figs. 3 and 4, 
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respect ±vely . 

As slnown ±n F±g . 3 , the antenna c3.ev±ce 1 has ttie VSWR 
of 1 . 05 at a fjrecjuLency of 43 OHz anci a fc>anca.wid.thi of 14.90MHz 
at the VSWR. of 2.5. 

lsre>ct , t transmission anc3. 2recej>tion of waves in the 
antenna cievice 1 accord-ing to the eirLt>oc3.iment is c3.es c: or i t>e c3. . 
In the antenna c3.evic e 1 having such a cons t itulc t i on , a high 
f irecjiaency signal having the antenna operating f jrecjuiency 
transmi t tec3. fzrom a raciio f irec3;T_LenG;y cirrcu-it to the f eeci point 
P is toransmitteca. from the conciiactor pattern 12 as a wave. A 
wave having a f recjuency ecjuial to the antenna operating 
f recjuiency is received t>y the conca.Tj.ctor pattern 12 ancS. 
transmitte<a. from the f ee<a. point P to the raciio f rec^uency 
circuit as a high f recjuency signal - 

At this time, ciiae to the capacitor section 6 having a 
capacitance capable of matching an input impeciance of the 
antenna cievice 1 to the impeciance at the feed point P, the 
transmission anc3. reception of waves can be per f ormeci in a 
state that a power loss is reciuceci . 

In the antenna cievice 1 having such a construction, 
although the physical length of the antenna element parallel 
to the edge side 3A of the earth section 3 is 18.5mm, the 
electrical length becomes 1/4 of a wavelength due to a 
combina t i on o f the 1 oading s ec t ion 4 and the indue t or 
section 5, so that the antenna device can be miniaturized 
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great ly t o have a s ± z e of afc>ou.t 1 / 1 0 of the 1/4 wave length 
of the 4 3 OMHz elec t romagnet ±c wave , that xs , IV 0mm . 

By cioing so, even in a relatively low frecgraency k)anc3. 
such as 4 0 0MHz t>anca., the present invention can t>e applieci to 
a 3Du.il t — in antenna device for a practical raciio apparatus . 

In aca.ca.it ion , since the Gonca.uctor pattern 12 is wound a 
helical shape in the longitudinal direction of the 

elementary fc>ody 11, the conductor pattern 12 can iDecome long, 
so that it is possilDle to improve a gain of the antenna 
device 1 - 

In addition, since impedance matching at the feed point 
P is f 02rmed lory the capacitor section 6 , there is no need to 
provide a matching circuit between the feed point P and the 
radio frecguency circuit, so that it is possilDle to suppress 
deterioration in radiation gain caused from the matching 
c ir cui t and e f f i c i ent ly per f oirm t r ansmi s s i on and r ecep t i on 
of wave . 

Next , a second emDDodiment is described wi th reference 
to Fig . 5 . In addition, the later description, the 
components described in the aforementioned emlDodiment are 
denoted iDy the same reference numerals , and description 
thereof is omitted . 

A. difference between the first and second embodiments 
is as foil ows . In the an t enna de vi c e 1 ac c o r ding t o the 
first embodiment, a connection to the feed point P is fojrmed 
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t)y UL s ± ng the c ac itozr sec t i on 6 . Howe jc , in an an t enna 
cievice 40 accorcaing to the seconci eirLt>oc3.iinent , the connection 
to the feec3. p>o±nt P is fonrmeci fc)V u-sing a feed E>oint 
connection pattern 41, and a chip incitLCtor 42 is E>2rovic3.ec3. as 
a concentorateci constant element between the setting 
conciiac 1 02r 13B anc3. the inciu-c tor section 5. 

nSTamely, the antenna device 4 O inc liades a loading 
section 43, a setting condu-ctoir 13B, a feed p>oint connection 
patteorn 41 which connects a connection point of the loading 
section 43 and an indue toar section 5 to a feed point P, a 
connection condiactox: 44 which connects a condiactoi: pattern 
13 to the indue tor section 5 , and a chip induct oar 42 
provided to the connection condiactoar 44 . 

Similar to the aforementioned first emlDodiment , in the 
antenna device 4 O having such a construction, the physical 
length thereof can ]oe greatly reduced t>y a comDoinat ion of 
the loading section 43 and the inductor section 5 . 

In addition, since an electrical length of the loading 
section 43 can be adjusted toy the chip inductor 42, it is 
possible to easily set a resonance frequency without 
adjusting a length of the conductor pattern 12 . 

In addition, since impedance matching at the feed point 
P is formed, it is possible to suppress deterioration in 
radiation gain caused from a matching circuit and 
efficiently perform transmission and reception of wave. 
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In a.c3.c3.± t ion , in tire eirtbociiment , as sl concentirateca. 
cons tant element , the inc3.Tj.ct03r is laseci, toiat tine p>3resent 
invention is not limiteci ttieireto . The ca.p>acito2r may be \j.sec3., 
oir SL Ejarallel ozr serial connection of the incanctoir anc3. the 
cap>aci tor may be usecS. . 

lsle:x:t , a thircS. emt>oc3.iment is ca.esc2rit>ec3. with reference to 
Kig- . 6 - In a<3.<3.i tion , the later c3.escrip>t ion , the components 
ca.es critoeca. in the af orement ioneci emt)oca.iment are denoteca. toy 
the same reference mamerals, and description thereof is 
omitteca. . 

A ca.if ference between the first anci thirci embociiments is 
as follows . Xn the antenna device 1 according to the first 
embodiment , the conductor pattern 12 of the loading section 
4 is wound in a helical shape around the elementary body 11 
in the longitudinal direction thereof . However , in an 
antenna device 5 O according to the third embodiment , the 
conductor pattern 12 of the loading section 4 is formed in a 
meander shape on a surface of the elementary body 11. 

Namely, the conductor pattern 5 2 having a meander shape 
is formed on the surface of the elementary body 11, and both 
ends of the conductor pattern 52 are connected to connection 
electrodes 14A and 14B, respectively. 

In the antenna device 5 0 having such a construction, it 
is possible to obtain the same functions and ef f ects as 
those of the antenna device 1 according to the first 
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eirLbodiment , and since the loading section 51 having sl 
meanciear shap>e is constructed. t>y f oirming a conductor on the 
surface of the elementary t>odv 11 # it is i>ossil:>le to easil:y 
manufacture the loading section 51 . 

Ne^ct , a fourth embodiment is described with reference 
to Fig. V . In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference numerals, and description 
thereof is omitted. 

A difference between the first and fourth embodiments 
is as follows . In the antenna device 1 according to the 
first embodiment , the capacitor section 6 has the chip 
capacitor 31, and impedance matching of the antenna device 1 
at the feed point P is formed by using the chip capacitor 31. 
However , in an antenna device 6 O according to the fourth 
embodiment , a capaci tor section 6 1 has a pair of planar 
electrodes, that is, first and second planar electrodes 62 
and 63 which are foirmed in an elementary body 11 to face 
each other, and the impedance matching of the antenna device 
6 0 at a feed point P is formed by using the capacitor 
section 64 . 

Namely, a conductor pattern 12 is formed in a helical 
shape on a surface of the elementary body 12 , and the first 
planar electrode 62 which is formed on the surface of the 
elementary body 11 to be electrically connected to one end 
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of ttie conc3.\xctoxr pat tern 12 anci ttie second jjlanaar electrode 
6 3 which is disposed in an inner portion of the elementary 
body 11 to ]be face the first planar electrode 62 are formed. 

The first planar electrode 62 can toe arranged to t>e 
trimmed t>y foirming a gap G, for example, t>y laser iDeam, so 
that it is possit>le to change a capacitance of the capacitor 
section 64 . 

In addition , the first planar electrode 62 is connected 
to a connection electrode 6 6 A disposed on a rear surface of 
the elementary body 11 so as to be electrically connected to 
rectanguLlar setting condiactors 13 A, 65A, and 6 5B disposed on 
the surface of the substrate 2 . 

In addition , similar to the first planar electrode 62 , 
the second planar electrode 63 is connected to a connection 
electrode 6 6B disposed on the rear surface of the elementary 
body 11 so as to be electrically connected to the setting 
conductor 65B. The setting conductor 65B is electrically 
connected through the feed point connection pattern 3 3 to 
the feed point P. 

The inductor section 6'7 is connected to the setting 
conductor 6 5B though an L — shaped pattern 2 2 which is a line — 
shaped conductive pattern where a chip inductor 21 is 
disposed on the surface of the substrate 2 . 

In the antenna device 6 O having such a construction , it 
is possible to obtain the same fianctions and effects as 
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tlnose of tine antenna. c3.ev±ce 1 a.cco2rc3.±ng to tine first 
embodiment, a.n<3. since tine first anc3. second planar electrodes 
6 2 and 63 facing eacln otlner are foirmed in tine elementary 
iDody 11, tine loading section 4 and tine capacitor section 64 
can i>e f oirmed in a iDody . Therefore , it is poss ilDle to 
reduce tlie m_unat:>er of parts of the antenna device 6 0 . 

m addit ion , since firs t planar electrode 6 2 can iDe 
trimmed tine laser iDeam, tine capacitance of tine capacitor 

section 64 can t)e clianged, so that it is possit>le to easilv' 
match an impedance at the feed point P . 

In addition, althou-gh the condiictor pattern 12 has a 
helical shape formed lo>y winding around the elementary iDody 
1 1 in the 1 ong i t ud ina 1 directi on t he r eo f in the an t enna 
device 6 0 according to the aforementioned fourth emiz>odiment , 
an ant enna dev ice V O may l:>e f ormed t o have an c onduc tor 
pattern 52 having a meander shape as shown in Fig. 8 similar 
to the third embodiment . 

Namely, as shown in Fig. 9, a meander pattern Vl is 
formed in a meander shape and connected to a land 13 A of the 
loading section 4 on the surface of the sul^strate 2. The 
meander pattern Vl is disposed so that a long axis thereof 
is parallel to the conductor film 3 . 

In the antenna device 7 0 having such a construction, it 
is possit>le to ohtain the same functions and effects as 
those of the antenna device 4 0 according to the second 
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emt>oci±inerLt , and since the meander pattern 71 ±s connect eel to 
ttie front en<5 of the loading section 4, it is possible to 
obtain an antenna device having a wide toand or a high gain . 

In addition , although the conductor pattern 12 has a 
helical shape formed t>y winding aroiand the elementary t>ody 
11 in the longitudinal direction in the antenna device V O 
according to the aforementioned f i f th embodiment , the 
conductor pattern may have a meander shape similar to the 
third embodiment . 

Next , a sixth embodiment is described with reference to 
Figs. lO to 12. In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference numerals, and description 
thereof is omitted. 

A difference between the first and sixth embodiments is 
as follows . In an antenna device 8 0 according to the sixth 
embodiment, a mul tipl e— resonance capacitor section 81 is 
s er i al ly c onne c t ed be twe en bo th ends o f the c onduc tor 
pattern 12 . 

ISIamely, as shown in Fig. 10, the mul tiple — resonance 
capacitor section 81 includes planar conductors 83A and 83B 
which are formed on upper and lower surfaces of an 
elementary body 8 2A, a straight line conductor 8 4 A. which 
connects the planar conductor 83A to a connection conductor 
14A, and a straight line conductor 84B which connects the 
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p»la.na.2r conci-Lic t or 83B to a. connection c onciiac tor 14B . 

The element airy iDOciy 8 2 A. ±s stackeci on a surface of an 
elementary iDociy 8 2B wtiicti ±s stadceci on a surface of tlie 
elementary body 11 . In addition, all the elementary bodies 
8 2a and 82B are made of the same material as the elementary 
body 11. 

The E>lanar conductor 83 A is a substantial ly rectangular 
conductor and formed on a rear surface of the elementary 
body 82A. In addition, the p>lanar conductor 83B is a 
substantially rectangular conductor similar to the p>lanar 
conductor 83 A and formed on a surface of the elementary body 
82A to E>artially face the planar conductor 83A. 

The p>lanar conductors 83A and 83B are connected to both 
ends of the conductor pattern 12 through the straight line 
conductors 84A and 84B, respectively, and disposed to face 
each other through the elementary body 82 A, thereby forming 
a capacitor. 

As shown in Fig. 11, in the antenna device 80, an 
antenna section 85 having a first resonance frecjuency is 
constructed with the loading section 4, the inductor section 
5 , the capacitor section 6 , and the mul tiple— resonance 
capacitor section 81, and a multiple— resonance section 86 
having a second resonance frec^uency is constructed with the 
mul tiple— resonance capacitor section 81 and the loading 
section 4 . 
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Fig . 12 shows sl VSWR clnairac t eir ± s t ± c of the ant enna 
c3.ev±ce 80 . As shown ±n the f ig-iare , the antenna section 85 
irepiresent s the fiirst iresonance fzreQTj.ency f 1 , the mijLltip>le — 
^resonance section 8 6 ^repuresents the second resonance 
f 3rec[iJ.ency f 2 which is higher than the first resonance 
frecgiaency f 1 . In ac3.c3.i tion , t>y ac3. j u-s t ing a material laseci for 
the elementary iDociy 82A or a facing area of the planar 
conciiactors 83 A anc3. 83B, it is p>ossit»le to easily change the 
secondL resonance f r ecjiaency . 

In the antenna device 8 0 having such a cons triac tion , it 
is p>ossit>le to ot>tain the same functions and effects as 
those of the first embodiment, and the mul t ip*! ^^sonance 
caE>acitor section 81 is serially connected between tooth ends 
of the conductor pattern 12, there is provided the multiple- 
resonance section 86 having the second resonance frequency 
f 2 di f f erent from the first resonance f recjuency f 1 of the 
antenna section 85. Therefore, it is possible to a compact 
antenna device having two resonance f reQuencies , for example, 
9 00MHZ for GSM (Global System for Mobile Communication) in 
Burope and 1.8GHz for DCS (Digital Cellular System) . 

In addition, according to the embodiment, as shown in 
Fig . 13 , there may be provided an antenna device 8 8 having a 
meander pattern 8V f ozrmed on a front end portion of the 
loading section 4. In the antenna device 88, the meander 
pattern 8 7 having a meander shape is connected to the land 
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13A. of the loading section 4 on a. surface of the sufostirate 2 . 

The meanca.e3r pattern 8 1 is cS-isposeci so that a long axis 
thereof is parallel to the conciiictor film 3 . 

In the antenna cievice 8 8 having such a construction , 
s ince the meand.er pattern 87 is connected to the front enc3. 
of the loaciing section 4 , it is possible to obtain an 
antenna device having a wide foand or a high gain . 

ISIe^ct , a seventh embodiment is described with reference 
to Figs. 14 to 15. In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference numerals , and description 
thereof is omitted - 

A. di f f erence between the seventh and si>cth embodiments 
is as follows. In the antenna device 80 according to the 
si:x:th embodiment, the single mul tiple — resonance capacitor 
section 81 is connected . However , in an antenna device 9 O 
according to the seventh embodiment, a mul tiple— resonance 
capacitor section 91 is serially connected between two 
points, that is, a front end of the conductor pattern 12 and 
a substantially central point of the conductor pattern 12 , 
and a mul tiple— resonance capacitor section 92 is serially 
connected between two points , that is , a base end of the 
conductor pattern 12 and the substantially central point of 
the conductor pattern 12 . 

Namely, as shown in Fig. 14, the mul tiple— resonance 
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ca.p>a.c± tor section 91 ±s cons true ted with p>la.na.r conductors 
9 3a. and 9 3B formed on upper and lower surfaces of an 
elementary iDody 82 A and a straigtit line conductor 9 4 wtiictL 
connects the planar conductor 93A to the connection 
conductor 14A. In addition, similar to the multiple- 
resonance capacitor section 91, the multiple— resonance 
capacitor section 92 is constructed with planar conductors 
9 5A and 9 5B and a straight line conductor 9 6 which connects 
the planar conductor 95B to the connection conductor 14B . 

The planar conductor 93 A is a substantial ly rectangular 
conductor and formed on a rear surface of the elementairy 
body 82A. In addition, similar to the planar conductor 93 A, 
the planar conductor 93B has a substantially rectangular 
shape and formed to partially face the planar conductor 93A 
on a surface of the elementary body 82 A. The planar 
conductor 95A is a substantially rectangular conductor and 
formed on an upper surface of the elementary body 8 2A. In 
addition, similar to the planar conductor 9 5A, the planar 
conductor 9 5B has a substantially rectangular shape and 
formed to partially face the planar conductor 9 5A on the 
rear surface of the elementary body 82A. 

In addition, the planar conductors 93B and 95A are 
f oirmed not to be in contact with each other . 

The planar conductors 93A and 95B are connected through 
straight line conductors 94 and 96 to both ends of the 
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c onc3.\ac tor j^attem, resj^ect ively . In aciciition, ttie ^planar 
conca.ij.c tors 9 3B anc3. 95A are connec tec3. to a center of tine 
conci-Lic tor pattern 12 v±a tli.roi_igli.— holes p>ass±ng thr oiagtL the 
elementary bodies 82 A anc3. 82B anc3. filled with a condiac tive 
member . In this manner , the planar concinctors 9 3 A anc3. 93B 
are disposed to face each other throxigh the elementary body 
82A to constitute a capacitor, and the planar conductors 95A 
and 95B are disposed to face each other to constitute 
another capacitor. 

As shown in Kig . 15, in the antenna device 90, an 
antenna section 9T having a first resonance frecjuency is 
constructed, a first mul tiple —resonance section 98 having a 
second resonance f recguency is constructed wi th the multiple — 
resonance capacitor section 91 and the conductor pattern 12 
between two points connected thereto, and a second multiple- 
resonance section 9 9 having a third resonance frecjuency is 
constructed with the mul tiple —resonance capacitor section 92 
and the conductor pattern 12 between two points connected 
thereto . 

Fig. 16 shows a VSWR characteristic of the antenna 
device 90 . As shown in the figure, the antenna section 9*7 
represents the first resonance frequency fll, the first 
mul t iple— resonance section 9 8 represents the second 
resonance f recguency f 12 which is higher than the first 
resonance frec3:uency fll, and the second mult iple — resonance 
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section 99 rep presents the thiirci resona-nce freqiaency f 13 
whicli is higher than the seconci resonance f recjiaency f 12 . In 
<ac3.c3.i t i on , by a.c3. J las t ing a. ma-teria-l laseci for the elementary 
t)Oc3.y 82A. or a. fa.cing a.rea. of the p>la.na.r conc3.u.c tors 93A anci 
93B, it is possible to cha.nge the second resona.nce frecjiaency. 
Similarly, by acij lasting a material laseca. for the elementary 
body 8 2 A or a. f a.c ing a.r ea. o f the p>la.na.r c onduc t or s 9 5 A a.nc3. 
9 5B, it is possible to cha.nge the third resona.nce f recujiency . 

In the antenna device 9 0 having su-ch a cons triict ion , it 
i s poss ible to obta.in the same f lanct ions and effects as 
those of the sizKth embodiment, and since the two mij.lt iple — 
resonance capacitor sections 91 and 92 are serially 
connected between two points of the conductor pattern 12 , 
the first mult iple— resonance section 9 8 having the second 
resonance frecju-ency f 12 and the second mult iple — resonance 
section 99 having the third resonance f rec[uency f 13 are 
fo armed . Therefore, it is possible to a compact antenna 
device having three resonance frequencies, for e:>c:ample, for 
GSM, DCS, and PCS (Personal Communication Services) . 

In addition, according to the embodiment, similar to 
the aforementioned sixth embodiment, there may be provided a 
meander pattern 8 7 having a meander shape and connected to 
the land 13A of the loading section 4 . 

Neixit , an eighth embodiment is described with reference 
to Figs - IV to 19 . In addition, the later description, the 



- 40 - 



components c3.es C2r±fc>ec3. in the af 02rement±onec3. eint>oc3.±ment are 
denoted fc)v ttie same reference niomerals , anc3. description 
ttiereof is omitted. 

A difference between the eighth and seventh embodiments 
is as f ol lows . In the antenna device 9 O according to the 
seventh embodiment, the capacitor is formed iyy facing the 
two planar conductors through the elementary body 82A . 
However, in an antenna device lOO according to the eighth 
embodiment , there are provided multiple— resonance capacitor 
sections lOl and 102 constituting a capacitor using a 
parasite capacitance generated with respect to the conductor 
pattern 12 . 

As shown in Fig . 17 , the multiple— resonance capacitor 
section lOl is constructed with a planar conductor 103 
formed on an upper surface of the elementary body 82 A and a 
straight line conductor 104 which connects the planar 
conductor 103 to the connection conductor 14A. In addition, 
the multiple— resonance capacitor section 102 is constructed 
with a planar conductor 105 formed on an upper surface of 
the elementary body 82A and a straight line conductor 10 6 
which connects the planar conductor 1 05 to the connection 
conductor 14B. 

The planar conductor 103 is a substantially rectangular 
conductor and formed on a rear surface of the elementary 
body 82b. In addition, similar to the p^lanar conductor 103 , 
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tine E>la.na.3r corLca.TjLC to^r 105 has a. su-bs tant ±ally reo tangialaLr 
shape anc3. f ormeca. on a surf ace of the elementazry iDociy 8 2B . 
In th±s manner, the planar conca.iac: tor 103 and the conca.-u.c tor 
pattern 12 are c3.±sposec3. to face each other throiagh the 
elementary fooc3.y 82B , so that a capacitor is ecaiiivalently 
formed diae to a parasite capacitance between the planar 
c onciTJic t or 1 0 3 anci the conca-uic t or pa t tern 1 2 . In ac3.c3.it i on , 
s imi lar ly , the planar conc3.u.c tor 1 0 5 anc3. the conc3.Tj.c tor 
pattern 12 are ciisposecS. to face each other through the 
elementary bociy 82B, so that another capacitor is 
ecguivalently formec3. c3.i_ie to a parasite capacitance between 
the planar conductor 105 and the conductor pattern 12 . 

In addition , the planar conductors 1 03 and 1 05 are 
formed not to be in contact with each other. 

As shown in Fig. 18, in the antenna device 10 0, an 
antenna section lO 6 having a first resonance f recjuency is 
constructed with the loading section 4, the inductor section 
5, and the capacitor section 6, a first mult iple— resonance 
s ec t i on 1 0 V having a s ec ond r es onanc e f r ecjuency i s 
constructed with the mul t iple— resonance capacitor section 
lOl and the conductor pattern 12 between two points 
connected thereto , and a second mult iple— resonance section 
108 having a third resonance frecguency is constructed with 
the mult iple— resonance capacitor section 102 and the 
conductor pattern 12 between two points connected thereto. 
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Kxgr. 19 shows a. VSWR dnaxracteirxst ±c of the antenna, 
cievxce 1 0 O . As shown in the f xgriaire , the ant erma sec t xon 1 0 6 
zrepiresent s the fxjrst iresonance foreQTJLency £21, the fiirst 
mu-lt xE>le — iresonance section lOV orepiresents the second 
resonance f rec^uiency £22 which is higher than the first 
resonance frecju.encv' f21, anci the seconci mu-lt ip>le — resonance 
section 108 represents the third resonance frecgxiency £23 
which is higher than the second resonance f r ecjiaencv £22. In 
addition, t>y adjusting a material u-sed for the elementary 
t>ody 82B or an area of the planar conductor 103, it is 
E>ossit>le to easily change the second resonance frecjixency . 
Similarly, t)y adjusting a material used for the elementary 
t>ody 82A or an area of the planar conductor 105, it is 
possit>le to easily change the third resonance frecjuency. 

In the antenna device lOO having such a construction, 
it is p>oss it>le to ot>tain the same functions and effects as 
those of the seventh emt)odiment , and since the planar 
conductors 1 0 3 and 1 0 5 are disposed to face the conductor 
pattern 12 and the first and second multiple— resonance 
sections lOV and 108 are foirmed using the parasite 
capacitances , it is possible to eas ily construct the antenna 
device . 

In addition, according to the embodiment, similar to 
the aforementioned si^cth emlDodiment , there may be provided a 
meander pattern 87 having a meander shape and connected to 
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the lanca. 13A of the loaciing section 4 . 

Next , an antenna apparatus according- to a ninth 
embociiinent is descr it>ec3. with reference to Figs. 2 0 to 23. 

The antenna device 1 according to the embodiment is an 
antenna device used for a mobile phone 60 shown in Kig . 20 
applied to, for e^cample, a reception frequencv band of PDC 
( Personal Digital Cel lular ) using 8 O OMHz and GPS (Global 
Positioning System) using 1 . 5GHz . 

As shown in Fig. 20, the mobile phone 11 O includes a 
base 161, a main circuit substrate 162 which is disposed in 
an inner portion of the base 161 and provided with a 
communication control circuit including a radio f recjuency 
circuit , and the antenna device 1 which is connected to the 
radio freQu.ency circuit provided to main circuit substrate 
162 . In addition, the antenna device 1 is provided with a 
feed pin 163 which connects a later —described feed section 
12 6 to the radio frecjuency circuit of the main circuit 
substrate 162 and a GND pin 164 which connects a later- 
described conductor film connection pattern 13 6 to a ground 
of the main circuit substrate 162. 

Hereinafter, the antenna device 1 is described with 
reference to a schematic view of the antenna device . 

As shown in Fig. 21, the antenna device 1 includes a 
substrate 2 which is made of an insulating material such as 
a resin , a rectangular conductor film 121 disposed on a 
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su.3rfa.ce of the su.3Dst3ra.te 2, first a.nc3. seconci loa.c3.ing 
sections 123 and 124 wh-icln are c3.isE>osec3. on the surface of 
the sulDstarate 2 to t)e 5>^3rallel to the conciuc tor film 121, an 
inciuctor section 125 which connects iDase encis of the first 
an<3. second loading sections 12 3 and 124 to the conductor 
film 121, a feed section 126 which feeds a current to a 
connection point P of the first and second loading sections 
123 and 124 and the inductor section 12 5, and a feed 
conductor 12 7 which connects the connection point P to the 
feed section 126. 

The first loading section 123 includes a first loading 
element 128, lands 132A and 132B which are disposed on a 
surface of the sut>s trate 2 to t>e used to mount the first 
loading element 128 on the substrate 2, a connection 
conductor 120 which connects the land 132A to the connection 
point E*, and a concentrated constant element 134 which is 
formed on the connection conductor 12 O and connects a 
division portion (not shown) for dividing the connection 
conductor 12 O . 

As shown in Fig, 22 (a) , the first loading element 12 8 
is constructed with a rectangular parallelepiped elementary 
l3ody 13 5 made of a dielectric material such as alumina and a 
line— shaped conductor pattern 13 6 wound around a surface of 
the elementary loody 135 in a longitudinal direction thereof 
in a helical shape. Both ends of the conductor pattern 136 
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SLXTG connected to connection conductors 137A and 137B 
c3.±SE>oseca. on sl irear suirface of tine eXementairy toody 13 5, 
respectively, so as to t>e connected to ttie lands 13 and 
132B . 

The c one en t ra t ed c ons t ant e 1 ement 13 4 is c ons t rue t ed 
witti, for e:>cajnE>le, a chip inductor. 

In addition, the second loading section 124 is disposed 
to face the first loading section 123 through the connection 
point P, and, similar to the first loading section 123, 
includes a second loading element 129, lands 142A and 142B, 
a connection conductor 130, and a concentrated constant 
element 134. 

As shown in Fig . 22 (t>) , similar to the first loading 
element 128, the second loading element 12S is constructed 
with an elementary hody 145 and a conductor pattern 146 
wound around a surface of the elementary body 14 5 . 

Both ends of the conductor pattern 14 6 are connected to 
connection conductors 14 7 A and 14 7B formed on a rear surface 
o f the elementary hody 14 5 so as to he connected to the 
lands 142A and 142B. 

The inductor section 124 inc ludes a conductor film 
c onnec t ion pa t tern 131 whi ch connec t s the c onnec t i on 
conductors 12 O and 13 O to the conductor film 121 and a chip 
inductor 13 2 which is disposed on the conductor film 
connection pattern 131 and connects a division portion (not 
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shown) foir ca.±v±<3.±ng- the conca.Tj.c tor film connection patteirn 
131 . 

In a.ca.ca.i tion , the feeci conc3.u.c toir 12 7 has a. straight line 
shape (3. pattern for connecting the connection concauctoir 13 O 
to the feed section 12 6 connecteci to the radio frequency 
circuit RF . 

In aca.ca.it ion , fc>y siaitatoly aca.jTJ.sting a length of the feeca. 
conca.u.ctor 12V, imE>eca.ance matching at the feeca. section 126 
can toe ototaineca. . 

As shown in Fig . 23 , in the antenna ca.evice 1 , the first 
antenna section 141 is constructed with the first loading 
section 123, the inductor section 5, and the feed conductor 
12 7, and the s econd antenna s ec t ion 142 is c ons true t ed wi th 
the second loading section 124 , the inductor section 5 , and 
the feed conductor 127. 

The first ant enna sec t i on 141 is c ons t rue t ed t o have a 
first resonance frecguency fc>y adjusting an electrical length 
thereof using a length of the conductor pattern 136, an 
inductance of the concentrated constant element 13 4 , or an 
inductance of the chip inductor 132. 

In addition, similar to the first resonance frecxu.ency 
f 1 , the second antenna section 142 i s constructed to have a 
second resonance frec^uency toy adjusting an electrical length 
thereof using a length of the conductor pattern 14 6, an 
inductance of the concentrated constant element 134, or an 
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±n<a.-Lictance of tine cln±E> ±nca.u.ct02r 132 . 

In aciciit ion , the firs t and second loading sections 12 3 
and 12 4 are cons tiruic ted to have £>li.ysical lengths to foe 
shoxrteir than 1/4 of antenna opeirating wavelengths of the 
first and second antenna sections 141 and 142. By doing so, 
self resonance f recjuencies of the first and second loading 
sections 12 3 and 124 are higher than first and second 
resonance f recjuencies , that is , the antenna operating 
f recjtiencies of the antenna device 1. Therefore, in terms of 
the firs t and second resonance f reQoiencies , the first and 
second loading sections 12 3 and 124 are not considered to 
perform self resonance, so that a property thereof is 
di f f er ent f rom that of a hel i cal ant enna whi ch per f orms the 
self resonance with the antenna operating f recgxiency . 

Fig. 2 4 (a) shows a VSWR. (Voltage Standing Wave Ratio) 
characteristic of the antenna device 1 . As shown in the 
figure, the first antenna section 141 represents a first 
res onanc e f r ecjtiency f 1 , and the s e c ond an t enna s e c t i on 142 
represents a second resonance frecju-ency f2 which is higher 
than the first resonance f recjiaency f 1 . 

Xn addition, as shown in Fig. 24 (a) , the first 
resonance f recjiaency f 1 is arranged to cope with a reception 
f recjiaency band for PIDC , and the second resonance f recjiaency 
f2 is arranged to cope with a loand of 1 , 5GHz for GPS. 
However, as described above, by siaitably adj lasting the 



- 48 - 



eXectricaX Xengths of the first and seconcl antenna sections 
i 4 X and X 4 2 , the f i rs t ires onance f recjiaency f X may k>e 
aarrang-ed to cofje with a 2recep>tion farecjuiency fc>anc3., and the 
second resonance f recjiaency f2 may k>e arranged to coE>e with a 
transmission frecjuiency band as shown in Fig. 24 (]o) . 

In the antenna device X having siach as a cons tr\ict ion , 
a X t hoixgh the phy s i c a X X eng t h o f the ant enna e X emen t p>araXXeX 
to the conductor fiXm X2X is shorter than X/4 of the antenna 
op)erating waveXength, the eXectricaX Xength k>ecomes X/4 of 
t he an t enna op> e r a t i ng wave X eng t h due to a c oxob i na t i on of the 
first and second Xoading sections X23 and X24 and the 
inductor section 125. Therefore, in teirms of the p>hysicaX 
Xength , the antenna device can toe miniaturized great Xy . 

In addition, due to the concentrated constant eXements 
X3 4 and X24 fjrovided to the first and second Xoading 
sections X23 and 124, it is E>ossik>Xe to set the first and 
second resonance frequencies fX and f2 without adjusting 
Xengths of the conductor patterns X26 and X36. By doing so, 
when the first and second resonance frequencies f X and f2 
are set, there is no need to change the nuint>er of windings 
of the conductor E>atterns X2 6 and X3 6 according to such 
conditions as ground size of a case where the antenna device 
X is mounted, and there is no need to change sizes of the 
first and second loading eXements X28 and X29 according to a 
change in the numt>er of windings. Therefore, it is i30ssik>le 
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to easily set the first a.nc3. seconci resonance f recjuencies f 1 
anca. f 2 . 

In aca.ca.it ion , in tine emt>oca.iment , as shown in Fig. 25, 
there may t>e p»rovica.eca. an impeca.ance aca.j\j.st ing secrtion 14 5 
between the connection point P anca. the f eeca. section 126 . 

The impecaance aca.3u.sting section 145 may t>s cons triacteca. 
with, for e^cample, a chip capacitor anca. ca.isposeca. to t>e 
connecteca. to a ca.ivision portion (not shown) for ca.ivica.ing the 
feeca concaiactor 12*7 . As a result, t>y aca.3 "Lis t ing a capacitance 
of the chip capacitor, it is possible to easily match the 
impeca.ance at the feeca. section 12 6 . 

lsre>j:t , a tenth emt>oca.iment is ciescr it>eca. with reference to 
Figs. 26 anca. 27. In aca.ca.it ion , the later ca.escr ipt ion , the 
components ca.es cribeca. in the af orementioneca. emlDoca.iment are 
ca.enoteca. t>y the same reference numerals , anca. ca.escr ipt ion 
thereof is omitteca. . 

A ca.if ference between the tenth anci ninth emfc)oca.iments is 
as follows - In the antenna ca.evice 1 accorca.ing to the ninth 
emlDoca.imen t , the f i r s t antenna sect i on 141 is c ons t rue t eca. 
with the first loaca.ing section 123, the inca.uctor section 5, 
anca. the fee<a. contiuctor 127. However, in an antenna <a.evice 
5 O accorca.ing to the tenth em3Doca.iment , a first antenna 
section is constructeca with the first loaca.ing section 123 , 
the inca.uctor section 5, anca. the feeca. conca.uctor 127, anca. a 
meanca.er pattern 151 ca.isposeca. on a front enca. of the first 
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loa.c3.±ng section 123 . 

Namely, as shown in Fig . 2 6, a meancier pattern 151 is 
f onne<3. in a meancieir slnat^e anci connect eci to a lanci 13 2B of 
ttie fiirst loading section 123 on a suirface of the s\at)starate 
2 . 

Ttie meancieir t^atteorn 151 is ca.isp>oseca. so ttiat a long a:x:is 
thieareof is parallel to the conciTJictoir film 3 , 

As shown in Fig. 2 7, in the antenna device 50, a first 
antenna section 155 having a first resonance frecjuiency is 
cons true teci with the first loading section 123, the meander 
pattern 151, the inductor section 12 5, and the feed 
conductor 127, and the second antenna section 142 having a 
second resonance f recxuency is constructed with the second 
loading section 124, the inductor section 5, and the feed 
conductor 127. 

In the antenna device 5 0 having such a cons t ruction , it 
is possible to obtain the same functions and effects as 
those of the antenna device 1 according to the ninth 
embodiment , and since the first loading section 123 is 
connected to the meander pattern 151, it is possible to 
obtain a first antenna section 155 having a wide band or a 
high gain . 

In addition, in the embodiment, the meander pattern 151 
may be c onne c ted to a fr on t end o f the sec ond 1 o adi ng 
section 12 4 or front ends of the first and second loading 
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sections 123 a.n<5 124 . 

In aca.ca.it ion , similar to tine nintti emfoociiment , an 
iinp>eca.anc:e aca.j ust ing section 145 ma;y t)e foirmeca. between ttie 
connection point P anca. the feeci section 126 . 

isre:5ct , an eleventh emfc>oca.iment is ca.esc2rilDeca. with 
zrefezrence to Figs. 28 anci 29. in aca.ca.i t i on , the later 
ca.es C2rip>t ion , the components caescr ibeca in the af orement ioneca 
errLIoocaiment are ca.enoteca. toy the same reference numerals , anca. 
ciescr ipt i on thereof is omittecS.. 

A ca. i f f e r enc e t>e tween the e 1 e ven th and t en t h eralDo dimen t s 
is as follows. In the antenna ca.evice 50 accorca.ing to the 
tenth emt>oca.iment , the first antenna section is cons true teca. 
with the first loaciing section 123 , the inca.\actor section 5 , 
the feeci conca.ij.ctor 127, anca. the meanca.er pattern 151 ca.isposeca. 
at the front enca of the first loaca.ing section 4. However, 
in an antenna ca.evice V O accorca.incr to the eleventh em]Doca.iment , 
a first antenna section IVl inclu.ca.es an e>ctension member 172 
connect eca. to the front enca. of the meanca.er pattern 151 . 

Namely, the e:>ctension member 172 is a substantially L — 
shapeca. curveca. flat metal member anca. construe teca. with a 
substrate mounting portion 17 3 of which one enca. is mount eca. 
anca. f i:x:eca. on a rear surface of the substrate 2 anca. an 
e:x:tension portion 174 which is arrangeci to be curveci from 
the other enca. of the substrate mounting portion 173 . 

The substrate mounting portion 173 is f i^ceca. on the 
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suilDS tirate toy using , for escanrple , a solcieor anc3. connecteci via 
SL thiroiaglT.— hole 102 A f oarmecS. in the siatostirate 2 to a front encS. 
of the meancieir pattern 151 c3.isp>osec3. on a su-irface of the 
s\j.t)s tirate 2 , 

The extension p>o2rt ion 17 4 has a p>late siaorf ace to t>e 
sulIds t ant i ally p>a2rallel to the si_l1ds trate 2 and a front end to 
face the first loading element 128. In addition, a length 
of the e>ctension memt>er 17 2 is siaitatoly set according the 
first resonance frecgijiency of the first antenna section 171. 

Here, a VSVffR frecgiJiency characteristic of the antenna 
device 7 0 at a freQuency of from 8 00MHz to 95 0 MHz is shown 
in Kig. 30. 

As shown in Kig . 3 0, the VSWR becomes 1.29 at a 
frec3;u.ency of 906MHz, and a bandwidth becomes 55 . 43MHz at the 
VSIATR of 2 . O . 

In addition, a directionality of a radiation E>attern in 
the XY plane of a vertical polarization wave at f recgijiencies 
is shown in Fig. 31. Here, Fig. 31 (a) shows a 

directionality at a frecjuency of 8 3 2MHz, Fig. 31 (b) shows a 
directionality at a frecjiaency of 85lMHz, Fig. 31 (c) shows a 
directionality at a frecjiaency of 9 0 6MHz, and Fig. 31 (d) 
shows a directionality at a f recjizency of 92 5MHz . 

At the f recjiaency of 832MHz, a maixiimijim value is — 4 . 02 
dBd, a minimum value is — 6 . Ol dBd, and an average value is — 
4.85dBd. In addition, at the frecjuency of 85lMHz, a ma>cimum 
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value ±s — 3 . 3 6ca.Bca. , a. minimum value is — 6 . O 3 ciBca. , anci an 
average value is —4 . VSdBci, In addition, at ttie f recguencv of 
906MHZ, a ma>cimum value is — 2 . 4 9c3.Bc3., a minimum value is — 
V.SciBca., and an aveirag-e value is — 5 . ISdBd. In addition, at 
the forecjuency of 9 2 5MHz , a maximum value is — 3 . 23dBd, a 
minimum value is -9 . 61dBd, and an average value is — 6.24dBd. 

In the antenna device 7 0 having such a construction, it 
is possible to obtain the same functions and effects as 
those of the antenna device 5 0 according to the ninth 
embodiment , and s inc e the eixt ens i on member 1 V 2 is c onnec t ed 
to the front end of the meander pattern 151, it is possible 
to form the first antenna section IVl having a wide band or 
a high gain . 

In addition, since the e:5ctension portion 17 4 is 
disposed to face the first loading element 128, it is 
possible to efficiently use an inner space of a case of a 
mobile phone including the antenna device VO . In addition, 
since the e:xtension portion 174 is disposed to be separated 
from the substrate 2 , it is poss ible to reduce influence of 
a high frecg:uency current flowing through the first loading 
element 12 8 and the meander pattern 151 . 

In addition , in the embodiment , s imilar to the tenth 
embodiment, the e:>ctension member 172 may be connected to the 
front end of the second loading section 124 or to the front 
ends of the first and second loading sections 123 and 124. 
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In a.ca.ca.± t ion , the e^ctension memlDeir 1*72 may toe pirovicieca. 
to a surf ace of the sulDStirate 2 . 

In acicii t ±on , similajr to the af oorementioneca. eighth and 
tenth emtoociiments , an irope dance ac3. juisting section 14 5 may t>e 
ciisposeca. between the connection point P ancS. the feecS. section 
126 . 

Heireinaf teir , a communication apparatus accoirciing to a 
twelfth emlDodiment of the present invention is ciescrilDeci 
with reference to the accompanying drawings . 

The communication apparatus according to the embodiment 
is a mobile phone 201 shown in Fig. 32 and includes a case 
202, a communication control circuit 203, and an antenna 
device 2 0 4 . 

The case 2 02 includes a first case body 211 and a 
second case body 213 which can be folded from the first case 
body 210 through a hinge mechanism 212 . 

On an inner surface of the unfolded first case body 211 , 
there are provided operation key portion 214 inclining 
number keys or the like and a microphone 215 for inputting a 
sending voice. In addition, at one side wall of the first 
case body 211 which the hinge mechanism 212 is in contact 
with, an antenna receiving portion 211a for receiving the 
antenna device 2 04 shown in Fig. 3 3 is formed to protrude in 
the sajne direction as a long— axis direction of the first 
case body 211. 
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In aca.ca.±t ion , as shown ±n Fig. 33, in an inner portion 
of the first case iDociv 211, there is E>rovic3.ec3. a 
coiranuLnica t ion control circij.it 2 03 incluiciing a raciio 
f reqiaency c ircij.it . The communication control circuit 2 03 is 
electrically connected to later —c3.escrit>ec3. control circuit 
connection port 22 8 anci ground connection port 22 9 which are 
provideca. to the antenna cievice 4 . 

On an inner surface of the unfoldeci seconci case bociy 
213, there are provicieca. a display 216 for displaying 
characters and images and a speaker 217 for output ting a 
received voice . 

A.S shown in Fig. 34, the antenna device 2 04 include a 
sut>s trate 221, a ground connection conductor ( ground 
connection portion) 222 foxrmed on the sufc>strate 221, a first 
loading section 223 which is disposed on a surface of the 
sufc>s trate 221 so as for a longitudinal direction thereof to 
fc>e parallel to a long a>cis direction of the first case k>ody 
211, a second loading section 224 which is disposed on the 
surface of the sufc>strate 221 so as for a longitudinal 
direction thereof to t>e perpendicular to the long a>cis 
direction of the first case body 211, an inductor section 
225 which connects fc>ase ends of the first and second loading 
sections 223 and 224 to the ground connection conductor 222, 
a feed section 226 which feeds a current to a connection 
point P of the first and second loading sections 22 3 and 22 4 
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anc3. the ±nc3.u.c tor section 225, a.nc3. a. feed conductor 22*7 whicli. 
±s toranclieci from the inductor section 225 and electrically 
connects the connection point P to the feed section 22 6. 

The sialDs trate 221 has a siat>stant ially L — shaped 
construction including a first substrate portion 221a 
e:x:tending in one direction and a second sulDStrate portion 
2 2 It) curved from the first substrate portion 2 21a and 
e^ct ending in a 1 a t eral di r ec t ion and i s made o f an 
insulating material such as a PCB resin. Xn addition, on a 
rear surface of the substrate 221, there are provided a 
control circuit connection port 2 8 which is connected to a 
radio freQTJ.ency circuit of the communication control circuit 
203 and a ground connection port 229 which is connected to a 
ground of the communication control circuit 2 03 . 

In addition, the control circuit connection port 22 8 is 
connected to the feed section 226 via a through— hole formed 
on the substrate 221. In addition, the ground connection 
port 22 9 is connected to the ground connection conductor 222 
via a through— hole . 

The first loading section 223 includes a first loading 
element 231, lands 232A and 232B which are disposed on a 
surface of the first substrate portion 221a to be used to 
mount the first loading element 231 on the first substrate 
portion 221a, a connection conductor 233 which connects the 
land 23 2A. to the connection point P, and a concentrated 
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constant element 23 4 wtilcin ±s formeci on ttie connection 
conduct oir 2 33 and connects a c3.±v±s ion portion (not stiown) 
f oir c3.ivic3.ing" ttie connection conc3.u.c toir 233 . In ac3.<3.i t ion , ttie 
first loac3.ing section 223 is airirangec3. to toe ireceivec3. in the 
antenna receiving portion 211a. 

As shown in Fig. 3 5 (to) , tlie first loac3.ing element 231 
is construe tec3. witln an elementary toody 23 5 mac3.e of a 
c3.ielectric material such as alumina anc3. a line — slnapecS. 
conc3.uctor pattern 23 6 wouncS. arounc3. a surface of the 
e lementary tooc3.y 2 3 5 in a 1 ongi tuc3.inal c3.ir ec t i on thereo f in a 
helical shape. 

Both enc3.s of the conductor pattern 23 6 are connected to 
connection conductors 2 3 7 A and 2 3 7B disposed on a rear 
surface of the elementary toody 23 5, respectively, so as to 
toe connected to the lands 232A and 232B. 

The concentrated cons tant element 23 4 is constructed 
with, for e>£:ample, a chip inductor. 

In addition, similar to the first loading section 223, 
the second loading section 224 is disposed on the second 
sutostrate portion 2 21to and includes a second loading element 
241, lands 242A and 242B, a connection conductor 243, and a 
concentrated constant element 2 44. In addition , the second 
loading section 224 is constructed to toe disposed along an 
inner surface wall of one side wall of the first case toody 
211 . 
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In a.c3.c3.±t±on, similaar to the fiarst loading element 231, 
as shown in Fig. 3 5 (3d) , the seconc3. loac3.ing element 241 is 
cons tzruc t ec3. with an elementaar;^ iDociy 245 anc3. a conciiact oar 
E>attezrn 2 46 wouncS. aarouncS. a suarface of the elementaary loodiy 
245 . 

In addition, iDoth ends of the conductoar p>atter"n 246 a^re 
connected to connection conductoars 24VA and 24*7B foarmed on a 
areaar suarface of the elementaary iDody 245 so as to be 
connected to the lands 2 42A. and 242B. 

The induct oar section 22 5 includes an L — shax^ed pat team 
2 51 which connects the connection point P to the garound 
connection conductoar 222 and a chip indue toar 2 52 which is 
disposed to be closear to the garound connection conductoar 22 2 
than a loaranch point of the feed conductoar 22 7 of the L — 
shaped pat team 251 and connects a division poartion (not 
shown) foar division the L — shaped pattearn 251. 

In addition, the feed conductoar 227 has a staraight line 
shape pattearn foar connecting the L — shaped pattearn 2 51 to the 
feed section 226 connected to the communication contarol 
ciarcuit 203- 

As shown in Fig . 3 6, in the antenna device 2 04 , a f iars t 
antenna device 2 53 is constaructed with the fiarst loading 
section 223, the inductoar section 225, and the feed 
conductoar 227, and a second antenna device 254 is 
constaructed with the second loading section 224, the 
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inc3.i_LCt oar section 225, a.rLc3. ttie feec3. corLc3.u.c toir 227 . In 

a.<3.ca± t±on , in Fig. 36, R.F deno t es a. r-ac3.io fireQxiency ciircuit 

porovicieca. to ttie coinmTj.nica.tion control circu-it 203. 

The first ant enna. devi ce 253 is c ons t zruc t t o Inave a 
first resonance frecjuency tyy a<ajiasting an electrical lengtli. 
tlnereof using a lengtti of tine condiactor pattern 236, or an 
indu-ctance of tine concentrated cons tant element 2 3 4, or an 
ind.Tj.ctance of tine clniE> in<a.ij.ctor 252 . 

In aca.ca.it ion , similar to tine first resonance f r ec^iaencv , 
tine second antenna device 254 is construe tecS. to have a 
second resonance frecjiaency by adjusting an electrical length 
thereof using a length of the conductor E>attern 246, an 
i nduc t anc e of the c one en t r a t ed c ons t ant e 1 emen t 2 4 4, and an 
inductance of the chip inductor 252 . 

In addition, the first and second loading sections 223 
and 22 4 are constructed to have physical lengths to loe 
shorter than 1/4 of antenna operating wavelengths of the 
first and second antenna devices 253 and 254. By doing so, 
self resonance f recjuencies of the first and second loading 
sections 223 and 224 are higher than first and second 
resonance f recjuencies , that is, the antenna operating 
f recjuencies of the antenna device 204 . Therefore , in terms 
of the first and second resonance f recjuencies , the first and 
second loading sections 223 and 224 are not considered to 
perform self resonance, so that a property thereof is 
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c3.i f fear en t from tlnat of a helical antenna winicln E>e2r forms tine 
sel f resonance with the antenna operating frequency . 

In the mofc>ile phone 2 01 having su-Ch as a cons triact ion , 
a 1 though the phy s i c a 1 1 eng t h o f the an t enna e 1 emen t i s 
shorter than 1/4 of the antenna operating wavelength, the 
electrical length becomes 1/4 of the antenna operating 
wavelength (3.iae to a combination of the loa<3.ing sections an<a. 
the inciiictor section 225. Therefore, in teirms of the 
physical length, the antenna device can be miniatur i zeci 
greatly . 

In addition, since the first loading section 223 is 
disposed in an inner portion of the antenna receiving 
portion 211a and the second loading section 224 is disposed 
along an inner surface side of one side wall of the first 
case body 211, a space occupied by the antenna device 204 
can be lowered, so that a space factor becomes better. 

In addition, since the first loading section 223 is 
received in the antenna receiving portion 2 Ha formed to 
protrude from the first case body 211, it is possible to 
improve transmission and reception characteristics of the 
first antenna device 253 . 

In addition, due to the concentrated constant elements 
234 and 244 provided to the first and second loading 
sections 223 and 224, it is possible to set the first and 
second resonance frequ-encies without adjusting lengths of 
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the conca.Tj.ct03r patteirns 236 a.nc3. 246. Therefore, ±t ±s 
possible to easily set the first a.nc3. seconca. resonance 
f recauenci es without changing a size of grou-nci of the 
sutostrate 221 . 

First E:x:arriple 

Ne^ct , first to third e^camples of an antenna cievice 
according to the p>resent invention are described in detail . 

As a first eixiam^ple, the antenna device 1 according to 
the first embodiment had been mamj.fact-u.red. As shown in 

Fig. 3 7, in the antenna device 1, the loading section 4 was 

made of aluunina, and a copp>er line having a diameter cp of 
O - 2mm as the conductor pattern 12 had been wound around a 
surface of the rectangular parallelepiped elementary body 11 
having a length LS of 2 7 mm, a width XjS of 3 . Omm, and a 
thiclcness Ij7 of 1 . 6mm in a helical shape with a central 
interval Wl of 1.5mm- 

Second E^cample 

In addition, as a second e:x:ample, the antenna device 5 0 
according to the second embodiment had been manufactured . 

As shown in Fig . 3 8, in the antenna device 5 O , the 
loading section 51 was made of alumina, and the conductor 
pattern 52 made of silver having a width W2 of O . 2mm had 
been formed on a surface of the rectangular parallelepiped 
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elementazry 3Doc3.y 11 having a thickness LS of 1 . Oitim in tine so 
as for a length Ij9 of the elementazry- iDody 11 in the wicith 
ciiirec: t ion theoreof to 3De 4inm, a length LIO of the elementairy 
lDo<3.y 11 in the longi tuciinal direction thereof to iDe 4inm, anc3. 
a pearioci to iDe 12inm in a meanca.ear shaE>e . 

VSWR frecjiaency characteristics of the antenna device 1 
and the antenna device 5 O at a f recjuency of from 4 O O to 
SOOMHz are shown in Figs. 3 9 and 40. 

As shown in Fig. 39, the antenna device 1 had a VSWR of 
1.233 at a freojuency of 430MHz and a bandwidth of 18.53MHz 
at a VSWR of 2 . 5 . 

In addition, as shown in Fig. 40, the antenna device 5 0 
had a VSWR of 1 . 064 at a frecruency of 430MHz and a iDandwidth 
of ±e . e2MH.z at a VSWR of 2.5. 

As a result, it can be understood that the antenna 
device could be miniaturized even in a relatively low 
frecjuency region such as a band of 4 0 0MHz . 

Thi r d Kixiampt 1 e 

]Nre:x:t , as a third e:x:amp»le, the antenna device VO 
according to the fifth embodiment had been manufactured, and 
as a comparative e:x:ample , an antenna device having no 
meander pattern 71 had been manufactured. 

VSWR f r ecjuency charac t er i s tics of the antenna devi ces 
of the third e:x:amp>le and the comparative e:x:ample at a 
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frecau^ency of from 800 to SSOMHz are slnown in Fig. 41 (a) and 
(Id) . Ra<3.iation i>atteirns of tine vertical polarization 

waves of the antenna cievices of tlie thirci e:x:anvple anc3. the 
comparative e^cample are shown in Fig . 4 2 ( a ) and ( t> ) - 

As shown in Figs. 41 (a) and 42 (a) , in the antenna 
device 70, a handwidth at a VSWR of 2.0 tfecame 3 8.2 4MHz, and 
in the radiation pattern of the vertical polarization waves, 
a ma^cimum valiae of gain became —2 . 43dBd, a minimum value 
thereof t>ecaxne — 4.11dBd, and an average value thereof ttecame 
-3.4 5dBd . 

As shown in Figs . 41 (h) and 4 2 (h) , in the antenna 
device of the comparative eixiajnap 1 e , a bandwidth at a VSWR of 
2 . O hecame 2*7 . 83MH:z , and in the radiation pattern of the 
vertical polarization waves, a maximum value of gain JDecame 
— 4 . 32dBd, a minimum value thereof became — S.VdBd, and an 
average value thereof hecame —5 . 16dBd. 

As a result, it could t>e understood that it was 
possible to obtain an antenna device having a wide band or a 
high gain by providing the meander pattern Vl . 

Fourth Escample 

Ne^t , a fourth e:>cample of a communication apparatus 
according to the present invention is described in detail . 

As the f our t h encamp 1 e , the mob i 1 e phone 1 ac c or ding t o 
the twelfth embodiment had been manufactured, and a VSWR 
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(Voltage Sta.nc3.ing Wave Ratio) f recjiaency characteristic at a 
f recjuLency of from 8 O O to 9 5 OMHz ]n.a<3. been measiareti . The 
result is shown in Fig. -43. 

As shown in Fig. 43, the first antenna c3.evice 53 
reE>resents the first resonance freQiaency fl, anc3. the seconcS. 
antenna cievice 5 4= rep>resents the second resonance f r ecjiaency 
f2 which is higher than the first resonance f recgTaency . Here, 
a VSWR. at a f recjuency of 848-3'7MHz (a frecjuency f3 shown in 
Fig . 43 ) in the vicinity of the first resonance f recgnjiency f 1 
t>ecaine 1.24. 

Next, in the mot>ile E>hone at a frecjiaency of 848-3'7MHz, 
a directionality of the radiation p>attem of the vertical 
polar i zat ion wave in the XY p>lane shown in Fig . 4 3 and a 
directionality of the radiation pattern in the YZ plane of 
the horizontal wave had t>een measu-red. The resialt is shown 
in Fig . 44 . 

As shown in Fig. 44, in the vertical polarization wave, 
a maximioin value became 1.21dBi, a minimiam value became 
0.61dBi, and an average value became 0.86dBi, and in the 
horizontal polarization wave, a ma>c:imuin value became l.lTdBi, 
a minimum value became — 22.21dBi, and an average value 
became -2 . 16dBi . 

In addition, as shown in Fig. 45, for example, an 
antenna device 2 62 may be constructed by forming a division 
portion (not shown) at the feed conductor 2 7 and providing a 
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cln±p) capacitor ( xmpeciance ac3. jus ting section) 261 for 
connecting the ciivision portion. Here, it is possible to 
easily match the impedance at the feed section 22 6 t>y 
changing a capacitance of the chip capacitor 261. In 
aca.c3.it ion, the impeciance acij lasting section is not limiteci to 
the chip capacitor, iDiat an indue tor may iDe useci. 

The pr es ent invent ion i s not 1 imi t ed t o the 
aforementioned embodiments, tout various modifications may fc>e 
made within a scope of the present invention without 
departing from a spirit of the present invention . 

For example, although the antenna operating frecjuency 
is set to 43 0MHz in the aforementioned emtDodiment s , the 
f requsnoy is not 1 imi ted thereto , but other antenna 
operating frequencies may be used. 

In addit ion , although the antenna device according to 
the embodiment has a helical shape where the conductor 
pattern is wound around a surface of the elementary body, it 
may have a meander shape formed on a surface of the 
elementary body . 

In addition, the conductor pattern is not limited to 
the helical shape or the meander shape, but other shapes may 
be used. 

In addition, although a chip capacitor is used as an 
impedance adjusting section, any members for adjusting 
impedance at the feed section may be used, and for example, 
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a. cti±p> inciiactoar may toe useci. 

In a.ca.ca.± t ion , alttioiagln a <a.±elect3r±c ma.tear±a.l siacln as 
aliomina is laseci for the elementaory iDociy , a magnetic mateorial 
or a comp>iex material having dielec tiric and magnetic 
p>2rope2rt ies may ]oe laseci, 

INDUSTRI AL AP PL I CAB I L I T Y 
In an antenna device accojrciing to the p>3resent invention, 
altlnoTJigh a p)hysical length of an antenna element pjaarallel to 
an edge s ide of a conduc t oir f i Im i s short ear than 1/4 of an 
antenna operating wavelength, it is E>ossit>le to otttain an 
electrical length which is 1/4 of the antenna operating 
wave 1 eng t h due to a c omto ina t i on of a 1 oading s ec t i on and an 
indu-Ctor section. Therefore, in terms of the physical 
length , the antenna device can be miniatiari zed greatly . As 
a result , s ince the antenna device can t)e miniaturi zed , even 
in a relatively low frecjiaency iDand such as 4 0 0mh:2 iDand, the 
present invention can t)e appl ied to a built-in antenna 
device for a practical radio apparatus . 

In addition, it is possible to easily set the first and 
second resonance f recjuencies by adjusting an inductance of 
an inductor section. 

In addition, in a communication apparatus according to 
the present invention, since the one of two loading sections 
is received in an antenna receiving portion and the other is 
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ca.isE>osec3. along an inner surface s ±c3.e of one s±c3.e wall of a 
case l^G<3L^y , a space factor t>ecomes toetter witliout limitation 
to an arrangement position of a communication control 
circuit - 
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